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Topic 2.5 Adaptations for Nutrition and 2.6 Adaptations for Parasitism — Booklet 2

Teeth are used for mechanical digestion. Mechanical digestion helps to break down food and
increase the surface area for enzymatic digestion. In this booklet we will look at how the dentition
of carnivores and herbivores differs and how each is adapted for its diet.

Completed

Go through the PowerPoint

Complete the questions on pages5 -6

Attempt to complete the exam questions attached at the end.
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Extension Reading the BioFactsheets ‘ Saprobiontic and Parasitic modes of
life.
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Adaptations of Mammals for their Diets — Holozoic feeders

Carnivores

Meat is a richer source of nutrients than plant food, enabling carnivores to spend less time feeding than
herbivores. The stomach of most carnivores is adapted to tolerate sudden stretching to accommodate
infrequent large meals other than that the gut bears very little difference to that found in humans.

The major adaptations that carnivores have for eating meat can be found in their skull and teeth.

The skull on the left shows the dentition of
a dog. It is designed for gripping prey,
cutting and tearing meat off bones and for
crushing bones.

The incisors at the front are small but
shaped like chisels and are sharp. They are
used for snip or gnawing meat off bones.

3incisors

Sikicisors The canines behind the incisors are very

long, sharp and spear shaped. They are
used to impale and grip the prey and to tear
meat.

3 molars

1 canine 4 premolars

The upper premolar and first lower premolar are very large with sharp upper surfaces. They are called
carnaissal teeth and fit together when the mouth is closed. When the dog is eating they act like a pair of
scissors snipping meat off bones and also crushing bones.

The other molars and premolars are smaller but have strong pointed cusps for cutting and tearing meat. A
dog cannot masticate (chew) meat as its jaw can only move up and down in one plane; it therefore has to

swallow whole lumps of meat.

The jaw muscle is very powerful, enabling a bite strong enough to crush bones. To withstand these forces
the teeth have very strong roots anchored deeply into the jawbone.

Fig 1. Side view of skull and lower jaw of dog, showing the teeth. (Some bone has been cut away to show the roots).

Large carnassial teeth Big, sharp pointed
for breaking bones and canines for gripping and
shearing meat off bones tearing meat and for

spearing and holding prey

Joint between the lower
Jjaw and the skull only
allows up and down
movement

Small chisel-shaped
incisors for cutting and
tearing meat apart

Molars with cusps for

tearing meat ‘
Premolars with cusps

for tearing meat

Herbivores
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Plant food is a fairly tough material and must be ground into fine particles to aid its digestion. This will
place different demands on the teeth and jaws of the herbivore. Plant cell walls are surrounded by a
cellulose cell wall, yet no herbivores produce a cellulose enzyme. Herbivores rely on micro-organisms in
their gut to digest cellulose. Their gut is adapted to harbor these bacteria.

The skull on the left shows the dentition of a sheep it
diastema homy pad | 1S designed for cutting off grass from the plant when
| ' grazing, and for grinding the grass efficiently to
smash the cellulose cell walls of the plant thus
releasing the digestible plant contents.

The incisors in the lower jaw are sharp and bite
against a horny pad on the upper jaw. This enables
the vegetation to be snipped off the plants during
feeding. Herbivores use a sideways movement of the
lower incisors and canines against the horny pad.
molars  premolars neisors There is no upper canine and the lower canine is
very small. This leaves a space between the horny
pad and the upper premolars called the diastema, this provides space for the tongue to move food whilst
chewing and allows separation of food which is being cut from food which is being chewed.

The premolars and molars are similar in structure although the molars are larger. Their uppers surfaces are
highly ridged and grooved which help with the chewing and grinding of vegetation. Interestingly the teeth
are capable of growing throughout their life as the root cavities of the sheep remain open, which means a
good blood supply is maintained to the teeth.

The upper and lower jaw are fitted loosely above each other, this allows side-to-side movement. As the
lower jaw moves sideways during chewing, the grass is ground in a circular motion between the ridges of
the upper and lower molars and premolars. This is effective in breaking open the cellulose cell walls.

Small upper
third molar Cement ridges 1o

reinforce molars

Position of
hormy pad

Diastema

Small canine

Joint between lower
jaw and skull allows

! rer MW
sideways chewing ]hlgL. lower
movemenls INCISOrs
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Ruminants
These are organisms that have adapted their guts to harbor cellulose-digesting bacteria.

Rumination of ‘chewing the cud’ is the ability to regurgitate plant material from the stomach in order to
chew it again.

Sheep will feed for several hours until the rumen (a large chamber in the stomach) is full. It will then sit
down and chew the cud for several hours until the food in the rumen has been broken down to a consistency
that allows it to travel further along the gut. The rumen is attached to the buccal cavity by an oesophagus
that is composed solely of voluntary muscle to facilitate regurgitation. In humans the oesophagus is
composed of both voluntary and involuntary muscle.

(the arrows represent the direct of food
flow ays described in the text above)

Passage into ocsophagus

Oesophagus

Groove

which directs grass
after rumination into
omasum

Rumen

Passage into omasum

Abomasum

Duodenum

Reticulum

Herbivore guts tend to be much larger than carnivore guts for two reasons:
* Plant material needs more time and enzymatic digestion than animal material.
* More plant material needs to be consumed to obtain sufficient energy.

Most carnivores have a single chambered stomach most ruminants have a stomach divided into four
chambers known as the rumen, reticulum, omasum and the abomasum.

Most herbivores possess cellulose-secreting bacteria in certain parts of the gut to assist with the break down
of the cellulose cell walls. The ruminant will provide a region of the gut for the bacteria to inhabit separate
from the main digestion region so that food can be kept there long enough so that the bacteria can be
protected from the main digestive enzymes of the ruminant and extremes of pH.

The Rumen acts as a fermentation chamber and is under anaerobic conditions.

The cud is mixed with bacteria and the following takes place:
cellulase

* Cellulose 3 sugars

* Sugars »  organic acids

*  Ammonium salts ===  proteins
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These products can all be absorbed by the ruminants gut — organic acids provide an energy source and
proteins are passed to the abomasum for digestion.
The cud then passes to the next region called the reticulum the fermented grass mixture that it receives from
the rumen is formed into balls that are regurgitated for further chewing. This achieves the following:

¢ continued mechanical breakdown of the cellulose cell walls

* bacteria can be broken open and their contents released

* Continues the mixing of microbes and grass

This is then passed to the omasum where water is absorbed — this is important as up to 150dm’ of saliva is
mixed with the food per day!

The solidified material is then passed to the abomasum. This is a true stomach, which contains HCI and
pepsin to carry out protein digestion.

Ruminant herbivore: Cattle (Bos taurus) Carnivore: Lion (Panthera leo)
Ruminants are specialised herbivores with teeth specialised for The teeth and guts of carnivores are superbly adapted for eating
chewing and grinding. The ruminant stomach is divided into a animal flesh. The canine and incisor teeth are specialised to bite
series of large chambers which slow the passage of food and down and cut, while the carnassials are enlarged, lengthened,
allow time for bacteria and ciliates to act on the cellulose in the and positioned to act as shears to slice through flesh. The
plant material. This mutualistic relationship provides the microbes stomach is single chambered and its secretions are highly acidic.
with a warm, oxygen free, nutrient rich environment. In return, As meat is easier to digest than cellulose, the guts of carnivores
ruminants derive much of their energy from the volatile fatty are comparatively more uniform and shorter than those of
acids produced by the bacterial digestion of cellulose. herbivores. The hind gut is short and caeca are small or absent.
» Small ! Large temporalis
g temporalis muscle provides
= muscle most of the biting  Sezzm=2n
g_ force.
.§ Horny pad Canines
] Incisors
s M t Incisors
asseter .
o muscle is very Canine In carnivores. the
large to assist Diastema otor sl
in chewing. Premolars toothless space parbiineind
Mol | ( pace) assists in stabilising Premolars
olars are farge the jaw. Chewing is Carnassials (lower
=1 for grinding less important. is hidden behind
o Colon upper) are modified
g Colon molars/premolars. Oesophagus
° Oesophagus
(7}
g Small intestine
§ Small intestine
% Stomach
3 Caecum  Stomach
Caecum
< Regurgitation, rechewing,
~ i i and reswallowing
Omasum: removes water ; |
=} : Oesophagus
g Passage of food Powerful gastric juices
o Abomasum: true (acid and pepsin
@ stomach secretes enzyme) digest the
2 gastric juices. proteins found in meat. Passage of food
-
=
= \
8
°
Rumen: contains bacteria
2 Reticulum: forms the for the digestioln of To the duodenum i‘x:ng:’[:cu::‘:i do
L] cud which is returned cellulose and ciliates to ; °P
e he mouth physical mixing.
to the - digest starch.

1. Describe the benefits of the mutualistic relationship between ruminants and their rumen microorganisms to:

(a) The ruminant:
(b) The microorganisms:

2. Explain why carnivore guts are simpler in their overall structure than ruminant guts:

3. lIdentify a structural difference between carnivores and ruminant herbivores with respect to:

(a) The teeth:

(b) The gut:
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Adaptations for Parasitism

Parasitic organisms obtain their nutrients from another living organism, called the host. The host usually

suffers some harm or discomfort from the relationship. E.g. Taenia solium, the pork tapeworm.

Parasitism is the most common of all symbiotic relationships.
Here the host is always harmed by the presence of the parasite
but is usually not killed. The main benefit derived by the parasite
is obtaining nutrition, but there may be secondary advantages,
such as protection. Many animal groups have members that
have adopted a parasitic lifestyle, although parasites occur
more commonly in particular taxa. Insects, some annelids (e.g.
leeches), and flatworms have many parasitic representatives, and
two classes of flatworms are entirely parasitic. Animal parasites
are highly specialised carnivores, feeding off the body fluids or

Ring of hooks

Enlargement of scolex
(head) of Taenia solium

Photo: CDC

Gutwall =

1. Describe the way in which the pork tapeworm obtains its required nutrition:

skin of host species. Parasites that attach to the outside of a host
are called ectoparasites and have mouthparts specialised for
piercing and sucking blood or tissue fluids. Those that live within
the body of the host are called endoparasites. They may obtain
nutrients by sucking or absorb simple food compounds directly
from the host, as in the case of the pork tapeworm shown below.
All 3400 or so species of tapeworm are endoparasites and the
majority are adapted for living in the guts of vertebrates. In all
species, a primary host and one or more intermediate hosts are
required to complete the life cycle.

The Pork Tapeworm (Taenia solium)

Tapeworms (cestodes) are a specialised
class of flatworms adapted to a parasitic
lifestyle in the intestines of vertebrates.
Features of the pork tapeworm, Taenia
solium, illustrate adaptations to obtaining
nutrition at the expense of the host. Humans
are the only primary host (the host for the
adult stage). When the eggs are passed
from humans in the faeces, they may be
swallowed by a pig or other mammal,
whereupon they hatch and can be

reingested by the primary host when the
pig flesh is eaten. Tapeworms have no
mouth or digestive system, and they do
not produce digestive enzymes. They are
protected by the host’s body and bathed
in the host's digested food, which is
absorbed over the tapeworm'’s entire body.
The entire length of the worm is covered
in a thick, enzyme-resistant cuticle, which
protects it from the host's digestive
enzymes.

Ripe segments full of eggs are passed
out with the faeces to be ingested by a
pig (the secondary or intermediate host).

Respiration is anaerobic as an
adaptation to the low oxygen
environment in the gut.

Up to 1000 segments (proglottids)
make up the worm. Total length
up to 8 metres.

The tapeworm is attached in the gut wall of a human
(the primary host) by hooks and suckers on the scolex.
Most of the body is floating free within the gut lumen.

(a)

Briefly describe four adaptations of the pork tapeworm for its parasitic lifestyle (include two nutritional adaptations):

(b)

(c)

(d)

(a) Explain what is meant by a primary host:

(b) Explain what is meant by an intermediate host:

(c) Name the primary host for the pork tapeworm:

(d) Name an intermediate host for the pork tapeworm:

Identify a similarity between the nutrition of a tapeworm and the nutrition of a saprophytic fungus (see previous page):

Name another animal parasite and give its primary host:

2.5 and 2.6 Dentition and Parasites
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Tapewqrms are very common in mammals. In humans they can reach several meters long. Although they
rarely kill their host they can seriously weaken an animal making it more prone to other diseases.

Given that a tapeworm is in effect a large foreign protein, it is surprising that the mammalian immune

systerp does not attack and destroy it. One way the tapeworm avoids this is by regularly changing its
proteins on its outer coat.

PARASITIC ORGANISMS obtain their nutrients from another living

organism, called the host. The host usually suffers some harm or discomfort
from the relationship, e.g. Taenia solium, the pork tapeworm.

Scolex: pork
tapeworms have
hooks and suckers
which allow the front
end to hang on during
peristalsis and food
movements.

There are no eyes or ears
since the gut is an almost
unchanging environment

(dark and quite quiet!).

The surface is often
converted with mucus to
resist attack by the host's
digestive juices and the body
wall or tegument contains
acid-resistant chitin.

Body is long and thin which
a. gives alarge surface area
for absorption of food

b. allows food to ‘flow’ past,
so that the tapeworm is
not washed away.

-~

There is no digestive
system. There is no need
for one as the food is pre-
digested (and it would be
a waste of energy to
produce one).

Body is covered with microvilli
to increase surface area.

Eggs may be formed by
self-fertilisation if only
one tapeworm is present.

Body is pale since no
- advantage being brightly

coloured in dark environment. Body wall has active

transport systems for
uptake of food molecules
even against a

concentration gradient.

Terminal proglottides (‘segments’) pass out in human
faeces to infect the secondary host, the pig.

hin
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Questions
1.

1. The diagrams below show the skull of a sheep (a herbivore) and a dog (a carnivore).

Sheep Dog

Describe three visible differences between the teeth of the sheep and the dog. For each
difference, explain how it is related to the differences between their diets.
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..........................................................................................................................................

(Total 6 marks)
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The diagram below shows part of the adult stage of the tapeworm, Taenia, which is an
endoparasite of mammals.

(a) State where the adult stage of Taenia would be found in the body of the host
mammal.

...................................................................................................................................

(b) Explain how the hooks and suckers shown in the diagram enable Taenia to be a
successful endoparasite.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

-----------------------------------------------------------------------------------------------------------------------------------

(¢} Give two features of Taenia, other than those shown in the diagram, that are
adaptations to the parasitic mode of nutrition,

.................................................................................................................................

...................................................................................................................................

(d) Explain how the mode of nutrition shown by a parasite, such as Taenia, differs
from that shown by a fungus, such as Rhizopus.

...................................................................................................................................
..................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

(Total 8 marks)
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3.
The diagram below shows the skull of a cow showing the tooth and jaw structure.

Incisors and
canines Molars Lower jaw

Suggest how the structures labelled in the diagram would be used by a cow grazing
on grassland.
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-------------------------------------------------------------------------------------------------------------------- Sesspaantaansadntty

D ddesbden s da s an s derrsarrranrrany EELLEE)

(3)
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(¢) The diagram below shows some of the parts of the digestive system of a cow.

With reference to the diagram suggest why cattle are more efficient at obtaining
energy from plants than many other mammals.
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Bzo Factsheet @&
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Number 124

Saprobiontic & Parasitic Modes of Life

This Factsheet describes:

e saprobiontic and parasitic modes of nutrition, illustrated by the nutrition
of Rhizopus and Taenia;

e the roles of saprobionts in the nitrogen and carbon cycles;

e the adaptations of Rhizopus and Taenia to their way of life;

o the life cycle of the malarial parasite and schistosoma.

The nutrition of Rhizopus and Taenia

There are many species of Rhizopus (bread mould) and Taenia (tapeworm).
This account will refer to Rhizopus nigricans which obtains its nutrients
from bread and Taenia solium which infects pigs.

The structure of Rhizopus is shown in Fig. 1. The stolons of Rhizopus

enable the mycelium to spread over the surface of the bread enabling the

rhizoids to penetrate the greatest possible volume of bread. The rhizoids

synthesize digestive enzymes and secrete them, via golgi vesicles, from

their tips into the bread. These enzymes hydrolyse the complex substances

in the bread into simple products which are absorbed back into the rhizoids.

The enzymes include:

e Amylases which hydrolyse starch into maltose sugar.

e Maltase which hydrolyses maltose into glucose.

e Proteases which hydrolyse proteins into polypeptides.

o Exopeptidases and endopeptidases which hydrolyse polypeptides
into amino acids.

e Lipases which hydrolyse fats or oils into fatty acids and glycerol.

The products of digestion are absorbed into the rhizoids, primarily by

diffusion, although facilitated diffusion and active uptake may be involved

when diffusion gradients are small. Normally there will be a much higher

concentration of digestive products in the bread than in the rhizoids. Salts

will also be absorbed and water will be taken up by osmosis. The absorbed

substances will then be assimilated in the fungal hyphae. Rhizopus stores

surplus glucose as glycogen.

Fig. 1. Structure of Rhizopus

Features of saprobiontic fungi which enable their continued survival

Saprobiontic fungi must be able to:

e maintain survival and spread through the substrate they are feeding on,

e disperse to new distant suitable substrates and become established on
these, and

e be able to survive during adverse conditions (lack of food, lack of
water, adverse temperature or pH)

Saprobiontic fungi thus have the following features:

e fungal hyphae grow from their tips and branch frequently. They thus
spread through the substrate into untapped food areas and grow away
from areas where they have shed excretory waste (negative chemotropism).

e under good growth conditions fungi have very prolific powers of asexual
reproduction, producing millions of light spores. These are usually
dispersed widely by air currents. If a spore lands on a suitable substrate
it can germinate to produce a new hypha. This hypha will use the food
reserves in the substrate to grow and divide throughout the new substrate.

e When conditions become adverse, fungi reproduce sexually, producing
resistant zygospores. These remain dormant and have a thick protective
wall (usually made of calcium oxalate crystals) which protects them
until suitable growth conditions are encountered. They can be dispersed
widely by air currents. When a zygospore lands on a suitable substrate,
providing water, a suitable temperature and a suitable pH is present, the
zygospore will germinate to form a new hypha. This often immediately
develops an asexual sporangium and asexual spores are released. The
new hypha grows and branches throughout the new substrate.

sporangium
(contains asexual spores)

erect sporangiophore
(supports reproductive sporangium)

horizontal stolon

(on bread surface -

gives rise to feeding hyphae
(rhizoids) and to reproductive

hyphae (sporangiophores)) \.¥

bread surface

g =l
— S

rhizoids
(penetrate bread surface to
obtain nutrients)
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Fig. 2. Structure of Taenia

Complete animal

scolex
(embeds worm in intestinal wall)

flattened strap-like body
(strobila) with large surface
area for secretion and
absorption

many flattened segments
(proglottids)

Detail of scolex (head)

hooks (rostellum)
(anchor worm to intestinal wall)

two of four muscular
suckers to attach worm
to intestinal wall

The structure of Taenia is shown in Fig. 2. Although Taenia can secrete
minute quantities of digestive enzymes close to the body wall to increase
the availability of digested food, it has lost the ability to secrete large
quantities of digestive enzymes because it absorbs all necessary digested
foods (and salts and water) from the digested food of the host pig. Because
the tapeworm is present in the small intestine of the pig it is bathed in
digested food which can be efficiently absorbed over its large body surface.
Because the strap-like body (strobila) is flattened, the segments (proglottids)
have a large surface area to volume ratio. This aids absorption, but also
reduces resistance to the flow of substances through the intestine. The
worm cannot be easily dislodged from its position because the head (scolex)
is tightly anchored by hooks and suckers to the intestinal wall.

The proglottids are metabolically very active and their cells contain large
numbers of mitochondria to generate energy for use in active uptake and
transport. Unlike other flatworms, tapeworms do not have a digestive
system (gut) because one is not needed.

Exam Hint:- Candidates are not expected to know the details of the
tapeworm life cycle.

The roles of saprobionts in the carbon and nitrogen cycles

Saprobionts play an important role as decomposers in nutrient cycles by

contributing to the break down of the bodies of dead organisms. Many soil

bacteria and fungi, including the soil sub-surface parts of mushrooms and
toadstools, secrete digestive enzymes into the rotting organic matter of the
soil. The enzymes include:

e Proteases and peptidases to hydrolyse proteins in dead bodies to

amino acids.
Ammonification can then occur when the amino acids are deaminated
to ammonia by other bacteria and fungi. Nitrifying bacteria such as
Nitrosomonas then convert the ammonium ions into nitrite ions. Bacteria
such as Nitrobacter then convert the nitrite ions into nitrate ions which
can be absorbed by plant roots.

e Cellulases break down the complex polysaccharide, cellulose, of plant
cell walls into simple sugars such as beta-glucose. This liberates plant
cell contents to enable further recycling.

e Amylases and maltase break down starches and glycogen to alpha-glucose.

e Lipases break down fats and oils into fatty acids and glycerol.

2.5 and 2.6 Dentition and Parasites

Adaptations of parasites to their way of life
To be successful the parasite must be adapted to:
e survive in the hostile environment in the host.

Parasitic flatworms living in the digestive tract of a host, for
example, Taenia, must withstand attack by the host’s digestive
juices. They are covered by a thick cuticle which, although
permeable to digested food products (so enabling absorption), is
resistant to attack by the enzymes and alkaline fluids found in the
intestines. Tapeworms also secrete enzyme inhibitors which reduce
the risk of damage due to the host’s enzymes.
Adult blood flukes, Schistosoma sps., which anchor themselves
in veins draining the intestines or bladder, are covered by a thick
cuticle which probably protects them against attack by host
antibodies.
The malarial parasite, Plasmodium sps., is liable to attack by
antibodies produced if the parasite stimulates the immune system
of the host. The parasites are particularly vulnerable when they
are in the blood plasma. Thus the malarial parasites spend the
majority of their time inside red blood cells, or inside liver cells,
where they are protected against antibody attack and are less
likely to stimulate antibody production.
The host antibodies are produced against antigens on the surface
of the parasites. Malarial parasites reduce the efficiency of the
host’s immune response by:
1. having much genetic diversity which enables frequently altering
of the structure of their antigens, and
2. having several different stages in the life cycle each with different
antigens on their surfaces.

e not waste energy and resources on unnecessary tasks.

During evolution, tapeworms and flukes have lost organ systems
which they no longer need, a process called ‘parasitic degeneration’.
For example, tapeworms have no digestive system because they
rely totally on the digested foods supplied by their hosts. Flukes
have lost external sensory organs, such as eye spots, which would
be useless in the darkness of the liver or blood environments.
Flukes and tapeworms have lost the function of locomotion and
so have very reduced muscular systems. They can only make
slight wriggling movements.

e have a reproductive ability and a life cycle enabling efficient
dispersal and infection of new hosts.

In general terms parasites have:

1. the ability to produce huge numbers of offspring. This
compensates for the huge wastage that must occur when
parasites are transferring into new hosts. The offspring are
produced by sexual reproduction which introduces much
genetic diversity. In addition, many parasites also reproduce
asexually, thus greatly multiplying the numbers of offspring
produced.

2. Many parasites have complicated life cycles involving
secondary hosts. The secondary host is often very mobile and
can disperse the parasite over wide areas and may act as a
vector, transferring the parasite from infected primary host to
new primary host.

3. Parasites usually possess particular structures or physiological
abilities which enable them to infect their hosts and become
established in the host’s body.

Exam Hint:- In relation to these general points, depending on the
specification being studied, candidates may be required to refer to
the life cycle of Plasmodium or Schistosoma, or to both of these.

S. Preston
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Saprobiontic & Parasitic Modes of Life

Life cycle of the malarial parasite, Plasmodium vivax.

The Protoctistan (single-celled) malarial parasite has part of its life cycle in the liver and blood of humans and part of its life cycle in the female Anopheles
mosquito. Only the female mosquito sucks blood during feeding, and so only the female mosquito can carry malaria. The life cycle is summarised in Fig 3.

Fig. 3. Life cycle of the malarial parasite

Bio Factsheet
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female mosquito
becomes infected
by sucking up

parasites in blood _.
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asexually in mosquito stomach

STAGES IN MOSQUITO
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parasites invade red blood cells

parasites reproduce
asexually in blood cells

infected female
mosquito injects
saliva containing
parasites into blood
stream

——

parasites first mature
and reproduce
asexually in liver
cells. Some parasites
are released into the
blood, others stay in
the liver

Plasmodium vivax causes benign tertian malaria in which the duration
of the cycle in the red cells is 48 hours. Thus the infected red cells
burst every 48 hours releasing toxins, which cause the fever attacks,
and parasites which quickly infect more red cells. Other species of
malarial parasite have different time scales for their cycles within
red cells.

e Malarial parasites have prolific powers of reproduction, thus
ensuring survival within the host and transmission from host to
host. A phase of sexual reproduction, which introduces genetic
diversity, occurs in the stomach of the mosquito. There are three
phases of asexual reproduction, each producing millions of
unicellular parasites. These phases occur:

1. inthe stomach and stomach wall of the mosquito, immediately
following the sexual phase,

2. in the liver of the human (where parasites may survive for
years, reproducing periodically) and

3. inthe red blood cells of humans. When the red cells are full of
parasites they burst and the released parasites quickly infect
new red cells, thus continuing the infection.

e Thefemale Anopheline mosquito is well suited as a vector because
it is very abundant, sucks blood of several humans during its
life, and flies considerable distances, thus dispersing the parasite
throughout the human population in a particular area.

e Malarial parasites have various recognition sites on their plasma
membranes at different stages in their life cycle. This enables
them to recognise, stick to and invade specific cells or tissues.
Thus, at different stages the parasites can recognise human liver
cells, human red blood cells, mosquito stomach tissue and
mosquito salivary gland cells.

—_— e
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Exam Hint:- Candidates are not expected to know the technical
names of the malarial parasite in its various life cycle stages.

Specification coverage
Saprobionts | Parasites [Taenia Rhizopus [Schistosoma|Malaria
AQA A v 4 X X v v
AQA B 4 X X X X X
Edexcel v v v v X X
OCR v* X X X X v
WIEC v 4 X X X v

* although the word "saprobionts" is not used in the specification

Exam Hint:- Although the specifications differ in what they require
candidates to know on this topic, candidates who introduce information
on, for example Schistosomiasis, in their response to a question on
parasites will gain credit. Although the examiners on Edexcel, for
example, cannot set a question that demands factual knowledge of
malaria, they would give credit to a candidate who provided correct
facts about malaria if it was relevant. Furthermore, just because malaria
is not on the spec, does not mean that the examiner can’t set a question
on it! Provided the question does not demand factual recall and can be
answered by applying general principles, the examiner can set questions
on anything! In this topic, make sure you understand the general
principles of the problems that parasites etc face and the adaptations
that have evolved to overcome them.

S. Preston
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Life cycle of Schistosoma e Schistosoma thus has prolific powers of reproduction, thus ensuring
Schistosoma sps. are parasitic flatworm flukes which cause the condition transmission and cross-infection from host to host. Sexual reproduction,
schistosomiasis (old name, bilharzia). The male and female adult flukes pair releasing thousands of genetically diverse eggs, occurs throughout the
and live together in human blood vessels, particularly in the smaller venules adult life of the worms. The female is permanently held secure to the
of the hepatic portal system draining the intestines and in smaller venules male so that fertilisation of all eggs is ensured. Also prolific asexual
near the bladder. The females release eggs, which are fertilised and passed reproduction, producing many cercariae, occurs within the snail.
out in the urine or in the faeces. Some eggs become lodged in the tissuesand e Water snails are very abundant and are prolific reproducers and so
cause an immune response resulting in fever and other symptoms. provide a readily available secondary host. The life cycle is completed
when human urine or faeces enters fresh water (ponds, streams, poorly
When in contact with water, the eggs hatch into ciliated larvae (called drained areas). This is most likely to happen in poorly developed
miracidia) which penetrate the bodies of fresh water snails. The miracidia areas of the world, particularly where human faeces are used as a
feed on the snail tissues and reproduce asexually, forming numerous second fertiliser. The eggs and miracidia can then run off the fields into local
larvae (called cercariae). These burrow out of the snail, and swim in the water courses.
water until they can invade a human, either by burrowing through the skin e The miracidia have a papilla which enables them to bore through the
(when the human bathes) or by being swallowed in drinking water. The skin of the snail and set up infection of the snail. They produce saliva
cercariae initially burrow into the lymph vessels and so are emptied into the to enable digestion of the host tissues, thus enabling them to feed and
blood stream, pass through the heart and eventually reach the liver. Here have energy for reproduction. The papilla on the cercaria enables it to
they grow into adult worms, are released back into the blood and then burrow through human skin and other tissues and this ability is made
attach to their target venules.(Fig 4) easier by the secretion of enzymes to break down the human tissues.

Fig. 4. Life cycle of Schistosoma

Adult (in venule)

ventral sucker for attachment mouth iracidium larva (in snail)

female sheds eggs which are
immediately fertilised, bore through
tissues and are shed into water via urine
or faeces Eggs hatch in water into
miracidia larvae which enter watersnail.

papilla, used to

female held in burrow into snail

groove of male

salivary gland

eproductive cells

ciliated surface

miracidia reproduce asexually
forming cercariae larvae. These
burrow out of the snail and swim in
water until they contact a human.

cercariae larvae bore through
human skin or stomach wall and
enter the liver to develop into
adults. Adults migrate to venules Cercaria larva

and permanently pair. (in snail, then water)

papilla, used to burrow through
human skin

glands, secrete enzymes which
assist skin penetration

tail, used for swimming

Acknowledgements:

This Factsheet was researched and written by Martin Griffin.

Curriculum Press, Unit 305B, The Big Peg, 120 Vyse Street, Birmingham. B18 6NF Bio Factsheets may be copied free of charge by teaching staff or students,
provided that their school is a registered subscriber. No part of these Factsheets may be reproduced, stored in a retrieval system, or transmitted, in any other
form or by any other means, without the prior permission of the publisher. ISSN 1351-5136

—————————————————— Y ———

2.5 and 2.6 Dentition and Parasites S. Preston

15



Saprobiontic & Parasitic Modes of Life Bio Factsheet

www.curriculumpress.co.uk

Practice Questions Answers
1. (a) The drawing below illustrates the head (scolex) of a parasitic 1. (a) (two) suckers to aid sticking to the intestinal wall;
tapeworm. Describe the ways in which this scolex is adapted to hooks/spines to embed into/anchor to the intestinal wall;
aid the tapeworm in its parasitic life. 3 ref to both large and small hooks/spines; 3

(b) by growth and branching of the hyphae/stolons through the substrate;
by producing huge numbers of asexual spores;
by producing resistant sexual spores;
spores dispersed by wind currents;
when spores land on suitable substrate they germinate to produce

new hyphae; max 4
(b) How do saprobiontic fungi spread? 4 2. (a) the adults have a thick cuticle which may protect them against the
host’s antibodies;
2. (a) State four ways in which Schistosoma is adapted for its parasitic the adults each have a sucker to attach them to the venule wall;
life. 6 the miracidium larvae have a papilla to enable them to bore through
(b) Based on your knowledge of the life cycle of Schistosoma, suggest the skin/body tissues of snail;
three ways by which the risk of infection by Schistosoma can be the cercaria larvae have a papilla to enable them to bore out of the
reduced. Explain your answers. 3 snail and into the human;
the cercariae have a large tail to enable them to swim through the
3 The information below was included on a Health Service leaflet given water to locate a hum an'g e
to individuals who were going on holiday to a malarial region of the hen adult the female i ,tj tlv bound to the male so that fertilisati
world. Read through the information and then using your knowledge when adu't the fema'e 1'8 ghtly boun ¢ mae sofatiertisaton
of eggs is very efficient;

of the malarial parasite’s life cycle, answer the following questions. sexual reproduction in the venules is very prolific, producing thousands

of eggs forrelease in faeces or urine;

There are two main lines of defence in the prevention of malaria: asexual reproduction in the snail produces thousands of cercaria larvae
prevention of mosquito bites; and taking anti-malaria tablets. Both thus increasing the chances of contacting a human host; max 6
methods should to be used together to provide best protection. (b) ref development of proper sanitation/WCs so that urine and faeces

do not enter fresh water supplies/the link to the water snail is severed;
use molluscicides to kill the snails in areas where they are likely to
encounter human faeces/urine;

heat treat/compost human faeces which are to be used as fertiliser

1. Mosquito bites may be avoided by: (line 4)

e Useof insect repellents (those containing ‘DEET’ are most effective).
Avoiding exposure of the skin after sunset - wear long sleeves and
trousers (not shorts).

e Use of insecticide impregnated mosquito nets, and ‘knock down’ smc.zthl.s shlc;vuldkﬂflthe eggsf; ctiliser here fresh
insecticides avoid using human faeces as fertiliser in areas where fresh water may
msee ’ become contaminated with eggs;

2. Taking anti-malaria tablets avoid drinking contaminated water/boil drinking water so that cercariae

e Most anti-malarial tablets act by killing the parasite once it has arekilled;
entered the bloodstream. wear protective Wellington boots when wading in water/rubber gloves
Most need to be started 2-3 weeks before you travel (line 13) when putting hands in water/no swimming in contaminated water;
and need to be continued 4 weeks after return. (line 14) max 3

e No anti-malarial drug is 100% effective in preventing malaria, but
they do greatly reduce your risk, and even if you do still contract
malaria, the severity of the disease will be decreased.

3. (a) (i) mosquitoes transmit diseases such as malaria;
parasites are in the mosquito saliva which is injected when

R X Jarial . mosquitoes suck blood; 2
* There are Sevesl dlffem.lt ypes (species) of F ite (line 18) (ii) fema?e' Anopheline mosquito/Anopheles; 2
wqﬂdwxde. In some regions of the world, t'he para'sme has de\ieloped (b) (i) sothatthe level of drug in the blood builds up/blood concentration
resistance to the more commonly used anti-malarial drugs. (line 20) takes time to build:
So the choice of anti-malarial drug is important - (don’t just have and is sufficient to’ kill the parasites as soon as the mosquitoes
some your friend has left over from that holiday in Africa last year!) are encountered: 2

The doctor or practice nurse will advise you about which drug is suitable

for you, in terms of your destination and health status. (i) parasites may still be in the liver after the boliday;

this part of the cycle must be allowed to complete its release of
parasites to the blood; 2
(c) all species of Plasmodium are not susceptible to all drugs;
specific species of Plasmodium must be targeted by specific drugs; 2

(@) () Comment on the importance of avoiding mosquito bites. (line 4)2
(ii) Which specific type of mosquito should be avoided? 2

(b) Suggest why (line 13 and 14): (d) parasites in live.r cells are more difficult to treat with @gs; .
(i) A course of anti-malaria tablets should be started 2 to 3 weeks some may survive/become dormant and become activated causing
before going on holiday. 2 attacks of malaria months or years later; 2
(ii) fAnu-lllmllil;na tablets should be taken for 4 weeks after reru;n 4. proteases digest proteins in organic matter into amino acids;
rom .0 ay. . . . . bacteria can then deaminate the amino acids to ammonia, which can be
(c) Why is it important to consider which species of Plasmodium are oxidised to nitrates/ref nitrification:
likely to be common in the holiday area? (line 18) 2 cellulases digest cellulose cell walls m lant matter to simple sugars/glucose;
(d) Drug resistance (line 20) is shown particularly by the parasites in this Iib & the 1 ithin P 1 11s for furtl dg' ; d
the liver cells. Suggest a serious implication of this. 2 s tiverates the protopiasm within piant cetls for er cigestion an

recycling;

amylases/maltase digest starches to glucose;

lipases digest lipids to fatty acids and glycerol;

glucose/lipids/fatty acids/glycerol are absorbed by fungi and bacteria for
use as respiratory substratethus liberating carbon dioxide;

ref to nitrates absorbed by plants for use in protein synthesis/carbon
dioxide absorbed by plants for photosynthesis; 8

4. Saprobionts secrete enzymes which are important in recycling processes
in the carbon and nitrogen cycles. Describe the actions of these enzymes
and explain their importance in recycling carbon and nitrogen. 8
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